This study was designed to investigate the effects of aqueous, ethanol and crude extracts of Chromolaena odorata leaf on haemostatic mechanism of wistar rats and its possible in vitro use in coagulation study. Fifty wistar rats of both sexes weighing between 140-180 g were sorted into 10 groups each fed via oral gavage once daily for 21 days. Sample collection was done by cardiac puncture. Bleeding and clotting times were performed using Duke's and Ivy's methods, respectively. The prothrombin time was performed using the Quick's one stage method, while the partial thromboplastin time using kaolin was done using Macpherson and Hardity method using Giess diagnosis reagent. Significant results were observed in the bleeding and clotting times of the three extracts in a dose-dependent manner. The 300-mg/kg ethanol extract decreased the bleeding time more than the other two extracts. Only the ethanol 150 and 300 mg/mL showed in vitro activity. The study showed the in vivo haemostatic properties of Chromolaena odorata leaf extracts and its possible use in in vitro coagulation study.
Introduction
The use of several plant parts such as leaves, barks, roots, for therapeutic purposes has been in practice in Africa since ancient times. 1 The present trend in medicine is towards a change from the use of cellulose coated pills to extracts of plants supplied either in pure form or in synthetic version for curing human ailment. Thus, plants or plant parts may provide the basis for this modern therapeutics. 1 Chromolaena odorata is a perennial scandent or woody shrub belonging to the Asteracaea family. In Nigeria it is called the Awolowo or Independent plant. 2 A decoction of the leaf in traditional medicine is used as a cough remedy and as an ingredient with lemon grass and guava for the treatment of malaria. The juice pressed out of the crushed leaves is applied to cuts to stop bleeding as well as accelerates wound healing. 2 Considering the current wider application of plant extracts in modern medicine, it becomes necessary to investigate the possible beneficial use of the pure and crude extracts of Chromolaena odorata in bleeding diathesis.
Materials and Methods

Preparation of plant part
Fresh Chromolaena odorata leaves were harvested from farms along University of Calabar staff quarters road and were identified by Dr. J.K. Ebigwai of Botany Department, University of Calabar. These were rinsed with distilled water and dried under shade. The dried leaves were ground into powder after which 200 g of the coarse powder was suspended in 1200 mL of ethanol (98.67%BDH) and 1200 mL of distilled water for the ethanol and aqueous extractions, respectively and agitated thoroughly for about 10 minutes with an electric blender. The suspensions were allowed overnight in a Westcool fridge (4°C). Twenty-four hours later, the mixtures were filtered with chess cloth and the filtrates concentrated in vacuo (rotary evapora-N o n -c o m m e r c i a l u s e o n l y tor) to 10% of the original volume at 40°C. These concentrates were kept in water bath at 37°C for complete dryness. These extracts were reconstituted in normal saline to an appropriate concentration before administration. 3 Fresh leaves for the crude extraction were ground using manual grater followed by decoction and then gravimetric analysis. 4 
Animal treatment
A total of 50 apparently healthy wistar rats of both sexes weighing between 140-180 g obtained from the animal house College of Medical Sciences, University of Calabar were sorted for the haemostatic evaluation. All experimental animals were fed with standard animal feed and water ad libitum. All the experiments were performed in accordance with the guidelines for care and use of laboratory animals of Faculty Animal Research Ethics Committee (FAREC-FBMS) Faculty of Basic Medical Sciences University of Calabar. 5 Animal use protocols were approved by the Faculty Animal Research Ethics Committee (FAREC-FBMS) Faculty of Basic Medical Sciences University of Calabar with reference number 001B4216.
Phytochemical analysis Test for alkaloids
Presence of alkaloid in the extracts was estimated by Mayer's, Wagner' and Dragendorrf's tests. Each of the extracts was stirred with 1% aqueous hydrochloric acid on water bath and filtered. Two milliliters of the filtrates (in each case) were added to Mayer's reagent, Wagner's reagent and Dragendorrf's reagent in separate tubes. Alkaloids react with each of the reagents to form precipitate. The turbidity of the precipitation with either of the reagents is proportional to the quantity of alkaloid present. 6 
Test for tannins
Ferric Chloride and Lead Acetate tests were used to detect the presence of tannins. The extracts were stirred with distilled water and filtered. Two milliliters of the filtrates were then added to 10% ferric chloride and 10% lead acetate in separate tubes. Tannin in the extract reacts with the ferric chloride and lead acetate to form a blue-black, green or blue-green precipitate (in each case). 6 
Test for saponnins
Emulsifying and Frothing tests were used to detect the presence of Saponnins. The extracts were warmed with distilled water and filtered. Three drops of olive oil was added to 2 mL of the filtrate for the emulsifying test, while 4 mL of distilled water was added to 1 mL of the filtrate for the frothing test. Both were shaken. Presence of brown emulsion (for the emulsifying test) and frothing (for frothing test) confirmed presence of saponnins. 6 
Test for anthraquinone
Presence of anthraquinone was detected by modified Borntrager's test. Ten milliliters of concentrated chloroform was used to dissolve the extracts. The resulting solution was then filtered. Two and half milliliters of the filtrate was then added to 2.5 mL ammonia solution and shaken vigorously. Presence of pink to red precipitates confirmed the presence of anthraquinones. 6 
Test for glycosides
Half a gram of the extracts was boiled with 5ml of dilute hydrochloric acid and the resulting solution was neutralized with sodium hydroxide solution and filtered. Two milliliters of the resultant filtrate was then added to Fehlings solution 1 and 2, mixed thoroughly and boiled in water bath for 2 minutes. The appearance of reddish-brown precipitates indicated a positive result. 6 
Test for flavonoids
The presence of flavonoid in the extracts was determined by sodium hydroxide method. The extracts were dissolved in distilled water and filtered. Two milliliters of the resultant filtrate was then added to two different tubes. Three drops of sodium hydroxide were added to the first tube and allowed to stand for 2 minutes. Three drops of sodium hydroxide and 3 drops of 0.5N hydrochloric acid were added to 2 mL of the filtrate in the second tube. Both mixtures were observed for precipitation and colour change. Production of yellow coloration in the first tube and transition from yellow to colourless in the second tube confirmed presence of flavonoids. 6 
Study protocol
The experimental animals were divided into ten groups and each group consisted of five animals. Group I served as control and received 0.2 mL of normal saline vehicle. Group II animals received 75 mg/kg of aqueous extract. Group III received 150 mg/kg of aqueous extract. Group IV received 300 mg/kg of aqueous extract. Group V received 75 mg/kg of the ethanol extract. Group VI received 150 mg/kg of the ethanol extract. Group VII received 300 mg/kg of the ethanol extract. Group VIII received the 75 mg/kg of the crude extract. Group IX received 150 mg/kg of the crude extract. Group X received the 300 mg/kg of the crude extract. Extracts for the test groups were dissolved in normal saline vehicle with respect to their concentration (extract dry weight per kg of the animal weight) and animal body weight. All dosages above were administered once per day via oral gavage for 21 days.
Sample collection and analysis
At the end of the study period, Bleeding and Clotting Times were performed and the animals were sacrificed and blood collected via cardiac puncture into trisodium citrate container and analyzed immediately.
Bleeding time
The Bleeding Time was performed using Duke's method. The tip of the tail of each rat was cut with lancet to cause bleeding. Immediately the bleeding started, a stopwatch was started. Every 15 seconds, a blotting paper was used to wipe off blood and the stopwatch was stopped as soon as bleeding ceased. 7 
Clotting time
The Clotting Time was performed using Ivy's method. A drop of blood from the animal was placed on a clean grease free slide with a stopwatch started at the same time. Every 15 seconds, a pin was passed and the stopwatch stopped once thread of fibrin was noticed. 7 
Prothrombin time
The Prothrombin time was done using Quick's one stage method (Giesse Diagnostic reagent). Two and a quarter milliliters (2.25 mL) of blood was added to 0.25 mL of 3.2% trisodium citrate, mixed and centrifuged at 1000 g for 15 minutes to get platelet poor plasma. One hundred microlitres (100 µL) of the citrated plasma was then added to a glass tube and incubated in a water bath at 37°C for 2 minutes. Two hundred microlitres (200 µL) of thromboplastin was added and incubated for 1 minute followed by 100 µL of calcium chloride. The stopwatch was started on addition of the calcium chloride and the tubes were tilted repeatedly into the water bath until a cloth was formed and the time was recorded. 
Partial thromboplastin time with kaolin
Partial thromboplastin time with kaolin was performed using the method of Macpherson and Hardity (1961) and Proctor and Rapoport (1961) (Giesse Diagnostic reagent). Two and a quarter milliliters (2.25 mL) of blood was added to 0.25 mL of 3.2% trisodium citrate, mixed and centrifuged at 1000 g for 15 minutes to get platelet poor plasma. One hundred microlitres (100 µL) of the citrated plasma was then added to 100 µL of phospholipid reagent and incubated at 37°C for 3 minutes. After 3 minutes, 100 µL of 0.25 m calcium chloride solution was added simultaneously putting on the stopwatch. Clotting was confirmed by tilting the tube in and out of the water bath.
In vitro study
The in vitro study was done following the Quick's one stage method of prothrombin time with the modification of substituting tissue thromboplastin with varying concentrations of the leaf extracts (75, 150 and 300 mg/mL of the three different extracts). The results of the prothrombin time of the different extracts were compared with that of standard thromboplastin reagent using same sample plasma. The dry aqueous and ethanol extracts were dissolved in normal saline.
Statistical analysis
All values were expressed as mean±standard error of mean. Statistical difference between groups were determined using one-way analysis of variance (ANOVA) followed by least significant difference test in significant cases using SPSS version 20 software. Differences were considered to be statistically significant when P<0.05.
Results
The mean bleeding and clotting times of the aqueous extract were significantly (P<0.05) decreased along the varying dose line in a dose dependent manner whereas there were no significant difference in the values of the prothrombin time (PT) and partial thromboplastin time using kaolin of the control and test groups (Table 1) .
In the same manner, both the Bleeding and Clotting Times of ethanolic extracts of Chromolaena odorata treated rats were significantly (P<0.05) decreased along the varying dose line in a dose dependent manner. There were no significant difference in the PT and PTTK of the test and control groups (Table 2) . Similarly, the bleeding and clotting times of the crude Chromolaena odorata treated rats were significantly (P<0.05) decreased along the varying dose line in a dose dependent manner. There were no significant difference in the PT and PTTK of the test and control groups (Table 3) . Comparatively the 300 mg/kg ethanol extract decreased the bleeding time more than the other two extracts whereas the 300 mg/kg aqueous extract decreased the clotting time more than the other two extracts. Only the ethanol 150 and 300 mg/mL extracts of C. odarata leaf extracts showed in vitro activity with citrated plasma and calcium chloride (Table 4) . PT, prothrombin time; PTTK, partial thromboplastin time with kaolin. Data are expressed as mean±standard error of mean. *Significant difference from control (P <0.05). 
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Discussion
Bleeding time evaluates the vascular and platelet response with homeostasis, 8, 9 while clotting time is a qualitative measurement of factors involved in the intrinsic pathway. 8, 10 This study was focused on determining the effects of Chromolaena odorata on haemostatic mechanism with specific interest on how it affects the bleeding time, clotting time, prothrombin time and partial thromboplastin time with kaolin. In this study, the three different extracts of Chromolaena odorata significantly decreased the bleeding time. This observation is a suggestion of effects on capillary integrity or platelet. 8, 9 The observation is in consonance with findings of Akomas and Ijioma (2004) , 11 who reported a reduction in bleeding time using ethanol extract of Chromolaena odorata. This study showed significant reduction in the clotting time in all the various extracts in their varying doses. This result is a suggestion of the increase in one or more of the clotting factors of the intrinsic pathway. 8, 10 This observation is in line with earlier submission by Akomas and Ijioma (2004) 11 who had earlier reported the potential of Chromolaena odorata in reducing clotting time. The haemostatic property of C. odorata has been attributed to the presence of tannins and saponnins in the leaf extracts. Tannins have been implicated in the haemostatic activity of plants where they arrest bleeding from damaged or injured vessels by precipitating proteins to form vascular plugs. More so, saponnins have been reported to have precipitating and coagulative properties. The result of this study coupled with increased mean platelet volume (MPV) in the aqueous extract and results from previous studies [12] [13] [14] suggested that the haemostatic property of Chromolaena odorata is mostly from the platelet activity/quality rather than quantity or clotting factors. This was further corroborated by the insignificant difference in the PT and PTTK of the test and control groups ruling out significant contributions from clotting factors. The increased mean platelet volume in the aqueous leaf extract is an indication of an improved platelet quality. Further changes in MPV appear to play more roles in haemostasis than platelet count. 14 An increased mean platelet volume is an indication of larger and more reactive platelet resulting from increased platelet turnover. Large platelets are more adhesive and tend to aggregate more than smaller platelets and contain more secretary granules and mitochondria and known to be more active than smaller ones. 15 This submission is corroborated by earlier reports by Hataichariok et al. (2013) 16 who attributed the haemostatic property of C. odorata to improved platelet aggregation. Only the ethanol 150 and 300 mg/mL showed promising in vitro activity as alternative laboratory reagent for coagulation studies in the laboratory.
Conclusions
The various leaf extracts significantly reduced the bleeding and clotting times of the experimental animals in a dose-dependent manner establishing the haemostatic property of Chromolaena odorata leaf extracts. The result of this study in synergy with earlier reports shows that the role of Chromolaena odorata in haemostasis is towards improved platelet function rather than platelet count and effect on clotting factors. This result suggests the possible incorporation of the leave extracts of Chromolaena odorata in bleeding diathesis as well as in coagulation studies. This study has pioneered the comparative haemostatic activities on different extracts of Chromolaena odorata leaf. 
